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(57) ABSTRACT 

A display device comprises a light source consisting of three 
emission elements, each of which emits light of different 
wavelength regions corresponding to the respective colors of 
red, green and blue, and a display module consisting of a 
display part wherein each pixel has two types of color filters 
that transmit red and green light and green and blue light, 
respectively. One frame of video signals is split during dis 
play to become two subframes and it is possible to alternately 
emit for each subframe green light, which is transmitted 
through both color filters, and red and blue light, each of 
which is transmitted through only one filter. 

13 Claims, 4 Drawing Sheets 
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DISPLAY DEVICE 

FIELD OF THE INVENTION 

The present invention relates to a liquid crystal display 
device for color display that is widely used in televisions, 
personal computer monitors, laptop monitors, mobile tele 
phones, gameplayers, and the like, and in particular, relates to 
a display device having a light source that is capable of 
independently controlling R (red), G (green), and blue (blue) 
emission. 

DISCUSSION OF THE BACKGROUND ART 

Liquid crystal display devices normally consist of a light 
Source that is placed at the back Surface of a liquid crystal 
panel. Conventional light sources often have a cold cathode 
ray tube or other lamp as the emission means, but light 
Sources that use a light-emitting diode or other semiconductor 
element as the light-emitting means are now used for practical 
purposes (for instance, refer to JP Unexamined Patent Appli 
cation (Kokai) 2001-92,414, and JP Unexamined Patent 
Application (Kokai) 2001-332,764). 
On the other hand, a typical color display system for liquid 

crystal display devices is a field sequential display system 
(refer to JP Unexamined Patent Application (Kokai) 2002 
287.112 and JP Unexamined Patent Application (Kokai) 
2002-318,564. Colors are displayed by such a system as a 
result of light being radiated by emission means correspond 
ing to each color of R (red), G (green), and B (blue) and, in 
synchronization with this radiation, an image corresponding 
to the radiated colors is displayed on a liquid crystal panel. 
For instance, a frame period, which is the Smallest unit nec 
essary for displaying one image, is split into three subfields 
and emission is performed in the order of R->G->B in accor 
dance with the respective subfield. As a result, an observer can 
watch a moving picture on the display Screen by color display. 

The intention of using a semiconductor element such as a 
light-emitting diode as the emission means is to reduce power 
consumption of the display device and to minimize the 
amount of heat generated. However, field sequential systems 
are known to pose a problem interms of a color disruption that 
is attributed to mistiming of emissions, and the like. A system 
of sequential repetition has been proposed in order to solve 
this problem whereby the frame period is further subdivided, 
for instance, divided into six subfields, and one of the three 
primary colors of R, G, and B is selected and radiated (refer to 
JP Unexamined Patent Application (Kokai) 2003-280.614). 

Nevertheless, there is a need for further modification 
because there is no effective means for the efficient use of 
light output from an emission means in order to lower the 
energy consumption while maintaining a relatively strong 
brightness. For instance, the display Switching speed of the 
liquid crystal display is not fast enough to follow the Switch 
ing between the emission means when the above-mentioned 
subfield is further divided into six fields; therefore, it is very 
difficult to realize a practical display device. 

Thus, an object of the present invention is to provide an 
improved display device with which the above-mentioned 
problems can be solved. 

SUMMARY OF THE INVENTION 

The present invention provides a display device, character 
ized in having three types of emission elements, each of 
which is separately controlled and emits light of a different 
wavelength corresponding to red, green and blue, and, for the 
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2 
emission wavelengths of said three emission elements, there 
are two color filters for the transmission of light in the red and 
green wavelength regions and of light in the green and blue 
wavelength regions, respectively; wherein one frame of video 
signals is split into two subframes, and it is possible to alter 
nately emit for each frame light of the green wavelength 
region that is transmitted through both of said two color filters 
and light of the red and blue wavelength regions that is trans 
mitted through only one of said filters. 

Three types of emission elements can also serve as the 
emission elements for emitting each color of light. The dis 
play device comprises a liquid crystal panel and is obtained 
by setting up two color filters corresponding to each pixel on 
the liquid crystal panel. Moreover, the display device can also 
comprise drive means for driving the liquid crystal panel and 
a control device for controlling the emission from the three 
types of emission elements based on the output signals from 
the drive means. 

Typically, the two types of color filters corresponding to the 
pixels are set so that the Surface area ratio of the red, green, 
and blue emissions is 1:2:1 within one pixel, but it is also 
possible to set the Surface area to another ratio depending on 
the emission intensity of the light-emitting diodes that form 
the emission means, and the like. Moreover, when the emis 
sion elements are formed from light-emitting diodes or other 
semiconductor elements, the emission elements can be extin 
guished when the subframe is completed by a high-frequency 
modulation of the emission signals. 
A bright display is realized with low energy consumption 

and minimal generation of heat because there is a relative 
increase in the luminous energy of each light used in the 
display. In particular, it becomes possible to greatly reduce 
the number of light-emitting diodes for green emission by 
increasing the green luminous energy, and this leads to a 
reduction in cost, a reduction in power consumption, and a 
reduction in the amount of heat generated. Moreover, it 
becomes possible to reduce the drive current of the red, green, 
and blue light-emitting diodes by increasing the luminous 
energy of each of the diodes, and power consumption and the 
amount of heat generated can be reduced while keeping the 
illumination constant. Each pixel can be shared by two colors 
and the resolution of at least green images can therefore be 
brought to twice the resolution of the red and blue images. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a drawing showing each structural element of the 
display device of the present invention. 

FIG. 2 is a schematic drawing showing the concept of the 
display system of the display device of the present invention. 
Here, (a) is a drawing showing one pixel of the display device, 
(b) is a drawing showing the operation thereof (c) is a draw 
ing showing the color or wavelength of the light transmitted 
by the filters in the pixels upon operation, and (d) is a drawing 
showing a modified version of the pixel. 
FIG.3 is a drawing showing the output of light by a display 

device that uses three conventional R, G and B filters. Here, 
(a) is a drawing showing the emission spectrum waveform of 
each of the light-emitting diodes and the light transmission 
properties of each filter, and (b) is a drawing showing the 
spectrum waveform of light that is transmitted by the filters. 

FIG. 4 is a drawing showing the output of light by a display 
device of the present invention that uses two types of filter, a 
Y filter and a C filter. Here, (a) is a drawing showing the 
emission spectrum waveform of each light-emitting diode 
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and the light transmission properties of each filter, and (b) is 
a drawing showing the spectrum waveform of light that is 
transmitted by the filters. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A preferred embodiment of the display device of the 
present invention will now be described in further detail while 
referring to the drawings. 

FIG. 1 is a drawing showing each structural element of the 
display device of the present invention. A display device 10 of 
the present invention comprises a display means 20 consist 
ing of a liquid display module 23 and a backlight source 22 
that supplies backlight from behind the module. Although not 
illustrated, there is usually a light guide on the back of liquid 
display module 23, and light from light source 22 is radiated 
onto this light guide. The light guide feeds backlight from 
behind liquid crystal display module 23 over the entire sur 
face of a display part 30. Liquid crystal display module 23 is 
driven by a drive means 40 and the screenthereof is displayed. 
Drive means 40 is separate from display means 20 in FIG. 1, 
but it can also be a single cohesive unit with liquid crystal 
display module 23 as a part of display means 20. 
The emission device or light source 22 of the present 

embodiment comprises multiple light-emitting diodes 21. As 
shown in the drawing, multiple light-emitting diodes 21 are 
positioned in emission device 22 Such that they forman array. 
Diodes that emit light of multiple wavelengths are used as the 
multiple light-emitting diodes 21. The three colors of R (red), 
G (green), and B (blue) are normally used for the backlight, 
and light from these single colors or compound colors is 
Supplied to the light guide. 
The multiple light-emitting diodes 21 of light source 22 are 

turned on and off and the emission intensity thereof is con 
trolled by a backlight drive means 50. In this case, backlight 
drive means 50 can control the emission of light-emitting 
diodes 21 by multiple methods. For instance, backlight drive 
means 50 can control the multiple light-emitting diodes indi 
vidually; it can control each light-emitting diode 21 that emits 
the same color; it can control each group of diodes arranged in 
a row: or it can control all of the diodes at once. Backlight 
drive means 50 in FIG. 1 is separate from display means 20, 
but it can also be a part of display means 20. 
As shown in FIG. 1, the video signals that have been input 

to display device 10 are processed by a signal processing 
means 60. The frame time, which is discussed later, is deter 
mined during this signal processing. The signals that have 
been processed by signal processing means 60 are Supplied to 
display drive means 40. Display drive means 40 supplies 
liquid crystal drive signals for controlling the liquid crystal 
display to liquid crystal display module 23 as previously 
described, and also feeds predetermined control signals to 
backlight drive means 50 such that the backlight can be driven 
in synchronization with the liquid crystal display. 

FIG. 2 is a schematic depiction showing the concept of the 
display system for the display device of the present invention. 
Here, (a) is a drawing showing one pixel of the display device, 
(b) is a drawing showing the concept behind the operation of 
the pixel, (c) is a drawing showing the color or wavelength of 
the light that is transmitted through the filter of the pixels 
upon operation, and (d) shows another version of the pixel. 

The pixel unit of the pixel in FIG. 2(a) (represented as type 
A for convenience) takes on the shape of a virtual square. 
These pixel units are arranged over the entire surface of 
display part 30, for instance, in matrix form. The pixels com 
prise two filters, a first color filter and a second color filter. 
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4 
This arrangement is different from conventional products of 
the same type in that usually one pixel is divided into three 
Subgroups and the three Subpixels are disposed Such that red, 
green, and blue color filters are attached to each subpixel. By 
means of the present invention, the two types of filters are 
alternately disposed spatially such that they constitute one 
pixel to form a color filter mosaic. 
The first color filter transmits light in the red and green 

wavelength regions, and light that appears to be yellow is 
transmitted through the first color filter when a white light 
Source is input. Consequently, the first color filter is called a 
yellow filter (or Y filter). The second color filter transmits 
light in the emission wavelength regions of green and blue. 
Light that appears cyan in color is transmitted through this 
filter in response to input of a white light source. Conse 
quently, it is called a cyan filter (or C filter). These filters are 
made, for instance, from an organic material, and they can be 
formed by printing along the Surface of the glass Substrate of 
the liquid crystal display device. 
The display effect of this pixel is shown in FIG. 2(b). That 

is, the light-emitting diodes interchangeably provide the color 
filter mosaic with two types of illumination. The two types of 
illuminate are simultaneous illumination with red (R) and 
blue (B), and illumination with green (G) alone. As a result, 
light from the red and blue light-emitting diodes is transmit 
ted through the filter during the first half of the frame time, 
while only light from the green light-emitting diode is trans 
mitted from the same pixel through the filter during the sec 
ond half of the frame time. The next frame time starts imme 
diately after one frame time is completed in order to display 
the pixel. 

Light that is transmitted through each filter during the first 
and second halves of the frame time is shown in FIG. 2(C). 
That is, light in the red wavelength region is transmitted from 
the yellow filter on the left side of the drawing and light in the 
blue wavelength region is transmitted from the cyan filter on 
the right side of the drawing during the first half of each 
frame. On the other hand, light in the greenwavelength region 
is transmitted from both filters during the last half of the frame 
period. Consequently, full-color display becomes possible as 
a result of establishing continuous frame times and perform 
ing these two types of illuminations sequentially for each 
frame. The emission colors during the first and last halves of 
the frame time can be reversed from blue and red to green. 

In the past, red, green, and blue videos corresponding to 
each of the three subpixels forming one pixel were transferred 
to the respective pixel. In contrast to this, the horizontal 
resolution of the red, green, and blue images of the present 
embodiment of the present invention can be pre-set, for 
instance, at 1.5-times, 3-times, and 1.5-times that of the prior 
art, respectively. The corresponding red image must be trans 
ferred to the pixel with the yellow filter, and the correspond 
ing blue image must be transferred to the pixel with the cyan 
filter for red and blue illumination. Moreover, the correspond 
ing green video signals must be transferred to all pixels for 
green illumination. Full-color video display can be obtained 
by performing this type of procedure for each frame. 

With respect to the surface area occupied by the colors at 
this time, red and blue will each account for /2 of the total 
Surface area and green will account for the total Surface area. 
In the past, each color of red, green, and blue accounted for /3 
of the total surface area and therefore, in this case the red and 
blue Surface area is increased by 1.5-times, and the green 
Surface area is increased by 3-times. On the other hand, Spa 
tially each color accounts for only /2 of the surface area. 
However, the drive current of the light-emitting diode can be 
increased by this increment by curtailing the display time. 
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Therefore, theoretically, it is possible to obtain a luminous 
energy output that is 1.5-times greater for red and blue and 
3-times greater for green. 
On the other hand, there are restrictions to the current that 

can be applied to the light-emitting diode, and the luminous 
energy output is actually less than the above-mentioned out 
put when the current that is applied is relatively large because 
the linear relationship between the luminous energy output 
from the light-emitting diode and the input current is com 
promised. An increase in luminous energy that is as much as 
1.8-times greater for red and blue and 1.67-times greater for 
green is intended; therefore, when compared to the prior art, 
an increase in output of as much as 1.35-times for red and blue 
and 2.5-times for green is expected. Horizontal resolution in 
the green wavelength region, wherein human vision is at its 
most sensitive, is twice that of the prior art, and perception of 
high definition is also improved. 

FIG. 2(d) shows a modified example of the pixel (Type B 
for convenience). This pixel is the same as the above-men 
tioned pixel (TypeA) in that there is a row of yellow filters and 
cyan filters, but it differs from Type A in that the overall shape 
of the pixel unit is not a square but rather a lengthwise rect 
angle. It is possible to obtain a display device of higher 
precision than conventional display devices by optimizing the 
arrangement of the pixel units. 
The present invention provides a display with which 

improved resolution and an increase in luminous energy can 
be realized by alternating between red and blue illumination 
and green illumination using a structure wherein each pixel 
unit comprises a yellow filter and a cyan filter, as described 
above, but the present invention also can improve the satura 
tion of each color by an appropriate selection of the filter 
material. 

That is, the color filter mosaic is used for mixed illumina 
tion with blue and red or single color illumination with green 
by the display device of the present invention. Consequently, 
spectrum overlap by the light sources, which becomes a 
Source of a reduction in Saturation in the prior art, can be 
eliminated by optimizing the filter material and selecting the 
yellow filter so that insofar as possible, it does not introduce 
blue emission and by selecting the cyan filter so that insofar as 
possible, it does not introduce red emission. 

FIGS. 3 and 4 are drawings that explain the mode of opera 
tion and effect of the present invention. FIG. 3 is a figure 
showing the output of light from a display device that uses the 
three conventional R, G, and B filters. Here, (a) shows the 
emission spectrum waveform of each light-emitting diode 
and the light transmission properties of each filter, and (b) is 
a drawing that shows the spectrum waveform of light that is 
transmitted by the filters. FIG. 4 is a drawing showing the 
output of light from a display device that uses the two types of 
filters denoted the Y filter and the C filter. Here, (a) shows the 
emission spectrum waveform of each light-emitting diode 
and the light transmission properties of both filters, and (b) is 
a drawing showing the spectrum waveform of light that is 
transmitted by the filters. 
By means of the conventional display device in FIG. 3, 

three types of filters are used in accordance with the light 
sources, which are a blue light-emitting diode (B-LED), a 
green light-emitting diode (G-LED), and a red light-emitting 
diode (R-LED). The emission wavelength from each of the 
light-emitting diodes here is as wide as shown in the draw 
ings, and as a result, overlapping is seen at the “trough' of the 
spectrum waveform. On the other hand, each of the R,G, and 
B filters is set so that it will transmit light of a wider wave 
length region that the emission wavelength of each light 
emitting diode, as shown in the drawing, which is intended to 
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6 
guarantee sufficient brightness. As a result, each of the R, G, 
and B filters also transmits a part of the light output from 
light-emitting diodes having adjacent wavelength properties, 
and this becomes a factor in the generation of a noise com 
ponent in the transmitted light, that is, the output light, and 
causes a reduction in Saturation, as shown in FIG.3(b). 

In contrast to this, green and a combination of blue and red 
are individually emitted by the display device of the present 
invention shown in FIG. 4, as previously described. The Y 
filter and the C filter allow for transmission of the light over 
the entire R-LED emission wavelength; light the primary 
component of which tends toward the longer wavelength of 
the G-LED emission wavelength; and light the primary com 
ponent of which tends toward the shorter wavelength of the 
B-LED emission wavelength. As a result, a noise component 
due to overlapping of spectra is not generated with blue and 
red illumination during one frame time, as shown in FIG. 
4(b), and only the peaks, which are virtually in the green 
wavelength region, overlap during green illumination, as 
shown in FIG. 4(c). Consequently, the present invention has 
an advantage in that there is none of the reduction in Satura 
tion that becomes a problem with the prior art. 
The above has been a detailed description of the display 

device that is a preferred embodiment of the present inven 
tion, but it goes without saying that this is merely an example 
and various modifications and changes by persons skilled in 
the art are possible. 

For instance, when a light-emitting diode element is used 
as the light Source, it is possible to extinguish the illumination 
light for each subframe by a high-frequency modulation of 
the emission from the element in question and thereby mini 
mize the effect of afterglow of the liquid crystal device and 
improve the image quality of the moving picture. Moreover, it 
is also possible to use a revised version of dark gradation Such 
as dynamic contrast whereby the brightness of the illumina 
tion light is dynamically modulated in accordance with input 
signals so that the liquid crystal device is always driven by full 
gradation. 
What is claimed is: 
1. A display device comprising: 
a backlight comprising a red light emission element, a blue 

light emission element and a green light emission ele 
ment; 

a liquid crystal panel configured as a plurality of pixels, 
each of said plurality of pixels comprising a first color 
filter and a second color filter; 

wherein said first color filter allows transmission there 
through of red light and green light, but not blue light; 
and 

wherein said second color filter allows transmission there 
through of green light and blue light, but not red light; 

a signal processor adapted to process each frame of a video 
signal input into a first Subframe and a second subframe; 

a backlight controller adapted to: 
activate the red light emission element and the blue light 

emission element but not the green light emission 
element during each first Subframe; and 

activate the green light emission element but not the red 
light emission element or the blue light emission ele 
ment during each second subframe. 

2. The display device of claim 1 and further wherein each 
of said pixels emits red light and blue light during the first 
Subframe and green light during the second subframe. 

3. The display device of claim 1 and further wherein said 
first color filter emits red light during the first subframe and 
green light during the second subframe. 
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4. The display device of claim 1 and further wherein said sion element in order to illuminate a first side of said 
second color filter emits blue light during the first subframe first color filter and a first side of said second color 
and green light during the second subframe. filter with both red light and blue light; and 

5. The display device of claim 1 and further wherein the red emitting red light from a second side of said first color 
light emission element, the blue light emission element and 5 filter and blue light from a second side of said second 
the green light emission element comprise light-emitting color filter; 
diode elements. during each second Subframe: 

6. The display device of claim 5 and further wherein said activating the green light emission element but not the 
light-emitting diode elements are high-frequency modulated red light emission element or the blue light emission 
and extinguished after each subframe. 10 element in order to illuminate the first side of said first 

7. The display device of claim 1 and further wherein the color filter and the first side of said second color filter 
Surface area ratio of red light, green light, and blue light with green light; and 
emission is 1:2:1 within each of said plurality of pixels. emitting green light from the second side of said first 

8. The display device of claim 7 and further wherein the color filter and from the second side of the second 
area of each of said plurality of pixels produces virtually a 15 color filter. 
lengthwise rectangle. 10. The method of claim 9 and further wherein the red light 

emission element, the blue light emission element and the 
green light emission element comprise light-emitting diode 
elements. 

20 11. The method of claim 10 and further wherein said light 
emitting diode elements are high-frequency modulated and 
extinguished after each Subframe. 

12. The method of claim 9 and further wherein the surface 
area ratio of red light, green light, and blue light emission is 

5 1:2:1 within each of said plurality of pixels. 
13. The method of claim 12 and further wherein the area of 

each of said plurality of pixels produces virtually a lengthwise 
rectangle. 

9. In a display device comprising a plurality of pixels, a 
method comprising: 

processing each frame of a video signal input to said dis 
play device into a first Subframe and a second subframe; 

wherein, said display device comprises ared light emission 
element, a blue light emission element and a green light 
emission element; 

wherein, said display device further comprises a first color 2 
filter and a second color filter associated with each of 
said plurality of pixels; 

during each first subframe: 
activating the red light emission element and the blue 

light emission element but not the green light emis- k . . . . 


